Kinetocardiograms (precordial movements) and ballistocardiograms were studied in patients with "pure" mitral stenosis. The findings were correlated with catheterization data and clinical findings. Certain characteristics of the kinetocardiograms were presented as well as hypothesis for the movements of the heart and dynamics of ventricular contraction and relaxation in patients with mitral stenosis.
T HE purpose of this communication is to
present an analysis of the precordial chest-wall movements (kinetocardiograms) and ballistocardiograms in patients with mitral stenosis. The relationship of these events to the movements of the heart and the dynamics of ventricular contraction will be discussed.
METHODS
The kinetocardiograms were obtained by the use of a bellows connected by air conduction to a piezoelectric transducer. The pickup arm on the bellows was perpendicular to the chest wall; thus absolute movements of the chest wall could be determined from any point desired. The normal patterns, calibrations, and distribution of forces over the chest have previously been presented.'2, 3 Records were obtained from positions corresponding to electrocardiographic "V" leads and designated as KVi, KV2, etc. The kinetocardiograms have been shown to reflect primarily the movements of the heart and are not posteroanterior ballistocardiograms.4 Volume changes within the chest cavity also probably influence the records during ejection. 3 Direct displacement ballistocardiograms5 were recorded with the patient on a sand or putty surface to minimize oscillatory movements. 5 The direct dis- Cardiac catheterization data on six of the patients were available through the courtesy of Dr. R. J.
Bing.
PATIENTS
The patients selected for this study were those in whom the diagnosis of mitral stenosis without insufficiency was reasonably certain. Table 1 lists the data on the 13 patients selected. In 10 of the 13 patients the clinical opinion of "only" mitral stenosis was confirmed at operation, in that the surgeon did not feel a "jet" of blood during systole. The other three patients included in this study had typical presystolic crescendo murmurs without the presence of a systolic murmur. All patients who had any 4. Two of the four patients had small outward movement (E1-E2) paralleling the I-J upstroke of the ballistocardiogram; nevertheless, the parasternal region of the chest was displaced above its diastolic or resting level during systole. 5 . The ballistocardiograms were similar in configuration to those previously reported by others in mitral stenosis9. n '9 with a prominent FG downstroke (early marked systolic footward movement). In one subject the FG downstroke was small in amplitude but nevertheless present (patient 1).
Thus the records of these three patients were characterized by a large early anterior movement of the chest wall which was of greatest magnitude over the right lower chest.
The chest was sustained out above the diastolic or resting level during systole, in contrast to a well-defined inward movement in normal subjects. Shortening of the heart in the base-to-apex diameter is not as clearly defined in these patients with mitral stenosis as in normal subjects; however, the inward movement about this time in the apical records may represent shortening. Thus the G-H upstroke which occurs at this time in the ballistocardiogram may represent shortening and inflow tract contraction, with blood displaced at the outflow tracts, as well as headward motion as the result of right ventricular ejection.
In summary, the inward movement possibly represents right ventricular ejection. Shorten- ing of the heart and inflow tract contraction may be an additional factor in the production of this movement.
III. Apex Thrust (13) (14) . The IV. Decreased Systolic Retraction of the Chest (Ejection portion of I2-E1). The predominating force of the right velltricular contraction producing the anterior swing of the heart, and the decrease in cardiac output in patients with mitral stenosis, are both probable factors in decreasing the inward motion of the lower anterior chest during ejection in patients with mitral stenosis. Thus there is only a small inward movement of the chest which rarely dips below the diastolic baseline during early rapid ejection (only two patients had this inward movement go below the diastolic baseline). In the two exceptions, the swing was primarily to the left, while the inward motion occurred over the right chest.
In these two patients KV2 and KV3 were nevertheless displaced above the diastolic baseline during ejection.
V. Continuation of Anterior Swing of the Heart (E1-E2). The anterior swing of the heart apparently continues during systole and the chest is displaced even further anteriorly. This usually parallels the IJ upstroke and is probably due to domination of right venltricular swing over ejection.
VI. Leftward and Posterior Swing of the Heart (E2-D1). The chest usually begills moving inward about the time of the JK downstroke but in some instances may be sustained outward until approximately 0.04 second before the carotid incisural notch. The inward motion which is most pronounced in the parasternal region is occasionally associated with a smaller outward motion of the left lateral chest. This probably represents the leftward component of the leftward and posterior swing of the heart. The outward motion occasionally noted in KV4 and KV5, which begins before the carotid incisural notch and usually terminates with the carotid incisura, probably results from two factors: (1) elongation of the heart (opposite of shortening) and (2) 
